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ABSTRACT 
Hypothesis: Radiofrequency controlled tissue fusion has minimal lateral thermal damage. 
Design: Experimental study. 
Setting: Live animal laboratory. 
Subject: One female pig weighing approximately 100kg.  
Intervention: Evaluate lateral thermal spread in in vivo and ex vivo bowel fused by 
radiofrequency energy using dynamic infrared thermography and histology. 
Main outcome measures: Pathological features of lateral thermal damage and mean 
maximum temperatures in lateral thermal zones.  Fusion quality (presence or absence of tissue 
fusion) was used as a control measure.  
Results: Mean maximum thermal spread measured on histology was less than 1.2 mm, with 
no significant difference between thermal spreads for in vivo and ex vivo bowel for 
radiofrequency energy delivered at 50 V (p = 0.98) and 100 V (p = 0.85).  Mean total 
maximum thermal spread measured by dynamic infrared thermography was less than 3.9 mm 
on both sides of the instrument with no significant difference between thermal spreads for in 
vivo and ex vivo bowel for radiofrequency energy delivered at 50 V (p = 0.34) and 100 V (p = 
0.19).  Fusion quality for in vivo tissue was better when radiofrequency energy was delivered 
at 100 V rather than 50 V.  However, thermal spread measurements and maximum 
temperatures reached in the tissue were similar in well and poorly fused bowel.  Thermal 
changes in well-fused bowel were more uniform throughout the different bowel wall layers 
whereas in poorly fused tissues, the mucosa did not show thermally-induced changes.  There 
were no significant differences between the maximum temperatures detected for in vivo and 
ex vivo bowel for radiofrequency energy delivered at 50 V (p = 0.25) and 100 V (p = 0.14). 
Conclusions: The total thermal changes at both sides of fused bowel are less than 3.9mm. 
The heat sink effect of the application instrument overshadowed any effects of perfusion on 
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limiting thermal spread.  Also, using greater amounts of radiofrequency energy at 100 V to 
achieve better quality fusion does not necessarily increase lateral thermal damage compared 
with 50 V.   
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INTRODUCTION 
Although radiofrequency energy has traditionally been used medically to destroy tissue, it has 
been shown more recently that together with mechanical pressure, tissue such as bowel can be 
fused to achieve an anastomosis.1  This novel use of radiofrequency energy is the most 
significant advance in tissue approximation technology since the introduction of staples in the 
1950s.2  There are several possible advantages of using radiofrequency tissue fusion 
technology to create an anastomosis and hence being a potential replacement technology for 
suturing and stapling.  Firstly, a haemostatic watertight seal is made with no foreign body left 
behind.3  Hence, problems with anastomotic leakage and infections associated with foreign 
material are prevented.  Lack of a foreign body reaction might also allow more rapid and 
better quality healing.4  Secondly, the radiofrequency generator used to create the anastomosis 
could also be used to seal blood vessels in the same patient.  This could cut down on costs and 
reduce the number of devices needed during surgery which is ergonomically better for theatre 
layout.  Thirdly, the execution time for the creation of such an anastomosis should be much 
faster and less prone to human error than for a hand-sewn anastomosis. Those theoretical 
advantages need to be proven in scientific experiments and clinical practice in due time.   
 
The mechanisms for bonding in tissues fused by radiofrequency energy are presently 
unknown.  However, previous work done in the field of laser welding has shown that tissue 
fusion is the effect of thermal denaturation of proteins.5  It is therefore likely that thermal 
denaturation of proteins, especially collagen, plays a major role in radiofrequency tissue 
fusion.  At temperatures above the minimum needed to cause denaturation, the strength of the 
bond may be better, but the degree of damage to tissue is also greater which might lead to a 
longer process of healing.6  Also, higher temperatures may cause tissue damage which leads 
to anastomotic leakage.  Conversely, at lower temperatures, healing might occur more quickly 
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due to less thermal damage but the welds might be weaker.  Hence, the optimum temperature 
for radiofrequency tissue fusion must not only consistently achieve strong tissue bonds, but 
cause as little lateral damage to the tissue as possible.   
 
Although thermal spread in tissues has usually been assessed using histopathological 
techniques, such measurement might not reflect the true distance of thermal spread as tissue 
size changes during histological processing are well recognised.  For example, in some 
pathologies such as prostate cancer, a correction factor is applied to obtain a more accurate 
measurement of tumour size.7  Hence, in vivo measurement of thermal spread is a 
complementary tool to assess thermal spread of the fusion process on tissue adjacent to the 
fused area.  
 
Dynamic infrared thermography has been used to assess in vivo lateral thermal damage in 
LigaSureTM vessel sealing8 and coagulation by an ultrasonically activated device,9 by 
comparing the thermal data with histopathological assessment of the tissue.  The infrared part 
of the electromagnetic spectrum, which is invisible to the naked eye, is detected by thermal 
cameras.  Due to the longer wavelength of infrared light, it can be transmitted through layers 
of biological tissue and hence structures below the tissue surface can be imaged.  The 
detection of the infrared energy from an object depends on its temperature and emissivity.10  
The emissivity is the ratio of the amount of energy an object absorbs and re-radiates 
compared to that of a black body which does not radiate any infrared energy.11  Hence, 
objects of the same temperature but different emissivities appear to have different 
temperatures with a thermal camera.  However, this can be corrected with analysis software. 
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The aim of this study is to evaluate the thermal spread on fusing bowel with radiofrequency 
energy using dynamic thermography and standard pathological assessment.  In particular, the 
lateral thermal effects in perfused bowel have been compared to non-perfused bowel (fresh 
and two hours post-mortem) using radiofrequency energy delivered with two different 
voltages.  The data obtained would help elucidate the role of perfusion in limiting thermal 
damage, and assess the suitability of using bench tissue as a model for assessing thermal 
spread. 
 
Lim et al. Surg Endosc 24(10):2465-2474 Oct 2010 DOI 
 
7
METHODS 
Radiofrequency generator 
The LigaSureTM Vessel Sealing Technology uses a generator which automatically senses 
tissue resistance, and through a feedback-controlled mechanism, adjusts the delivery of 
radiofrequency energy according to a series of predetermined radiofrequency energy delivery 
algorithms, to achieve vessel sealing.  However, these algorithms are not optimal for 
applications other than vessel sealing.  The radiofrequency generator used in our experiments 
utilises a constant voltage algorithm that delivers energy at a constant voltage, the value of 
which is set by the user.  As there is no shut-off mechanism, the cessation of the delivery of 
radiofrequency energy is dependent on the user.  A data acquisition system (National 
Instruments, Austin, Texas, USA) is attached to the radiofrequency generator to record and 
display the following parameters: current, voltage, power, impedance and fusion time.   
 
We used the LigaSure Atlas instrument as the application device with our generator, rather 
than other bowel fusion devices, as the edges of the electrodes from which radiofrequency 
energy is delivered are close to the edges of the jaws of the instrument itself, and this enabled 
thermal imaging of the bowel tissue adjacent to the area of energy delivery which is the 
subject of interest in our study.  As we did not use a dedicated bowel anastomosis device in 
those experiments, we did not subject fused areas to tensile strength testing as an indication of 
the quality of fusion.  
 
Experimental procedure 
One female pig weighing approximately 100 kg was anaesthetised by a standard technique 
with endotracheal intubation using halothane, and then positioned supine on the operating 
table.  Access into the abdominal cavity was obtained through a long midline incision.  The 
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small bowel was located and dissected.  A length of small bowel about 2 feet long was ligated 
and divided, and left aside for 2 hours to be used later in the experiment as 2-hour ex vivo 
bench tissue.   
 
The emissivity of porcine small bowel is unknown.  Hence, to obtain the emissivity value for 
this tissue, the following steps were carried out.  A 5 cm length of porcine bowel was 
resected, sealed in a watertight plastic bag and heated above 60 °C in a beaker of water.  
Then, the bowel was removed from the bag, and a reference point was chosen on which a 
thermocouple was placed to measure the temperature of the bowel at that point.  Thermal 
imaging was carried out simultaneously, and the temperature measured by the thermal 
imaging software was compared to the temperature measured by the thermocouple.  By 
inputting the temperature measured by the thermocouple in the ThermaCam Researcher Pro 
2.8 SR-1 software (FLIR Systems, USA), the emissivity value was calculated automatically.  
The above was carried out four times and the average value obtained was used as the 
emissivity of porcine small bowel. 
 
The jaws of the application instrument were clamped across the width of the small bowel with 
the mesenteric vessels left intact prior to the delivery of radiofrequency energy for in vivo 
bowel.  Radiofrequency energy was delivered from a prototype generator operated by a foot 
switch via the instrument using a constant voltage algorithm at either 50 V or 100 V for ten 
seconds.  Thermographic imaging was undertaken for the entire duration of each fusion, and 
was coordinated with the start of delivery of radiofrequency energy.  For fusion of fresh ex 
vivo bowel, the mesenteric vessels were ligated just prior to fusion.  Fusion of 2-hour bench 
bowel was undertaken in a similar fashion.  All fusion runs at either voltage were carried out 
randomly.  Following each fusion run, fused segments were resected and preserved in 10% 
Lim et al. Surg Endosc 24(10):2465-2474 Oct 2010 DOI 
 
9
formaldehyde solution for histology.  Following completion of the fusions and the resection 
of the tissue samples, the animal was euthanised according to the test facility’s standard 
operating procedures. 
 
Pathological assessment 
Blocks of all harvested tissue were sectioned and stained with haematoxylin and eosin for 
blind histological evaluation by a consultant histopathologist.  Four sections from each block 
were examined and the maximum thermal spread, which represented the maximum distance 
from the edge of the instrument to areas of lateral thermal damage in the tissue on either side 
of the device, was measured using image analysis software (NIS-Elements BR 2.30 SP1, 
Nikon).  In addition, a descriptive analysis of fused and poorly fused tissue was undertaken. 
 
Dynamic infrared thermography 
In vivo and ex vivo dynamic infrared thermography were undertaken with a precalibrated high 
specification thermal imaging camera (ThermoVision A40, FLIR Systems, USA) operating in 
the mid-infrared range between 3 and 5 µm.  Each fully digitized 16-bit thermographic frame 
was acquired at a rate of 60 Hz.  The thermal camera was mounted on a tripod and placed 40 
cm directly above the target.  This distance did not interfere with the surgical tasks and 
allowed a good spatial resolution.  The thermal images were then analysed with ThermaCam 
Researcher Pro 2.8 SR-1 software. 
 
Quantitative analysis of the sequence of thermal images was undertaken by identifying a 
linear region of interest as shown in Figure 1A.  A graph of this data was constructed to 
illustrate the time-dependent evolution of the thermal profile across the pixels in the linear 
region of interest by projecting the data to a two-dimensional coordinate time plane as shown 
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in Figure 1F.  Forty-five degrees Celsius was taken as the critical temperature above which 
tissue damage occurs.12  The maximum distance between the 45 °C contours on the planar 
projection was measured which included the total thermal spread and the width of the 
application instrument.  The total thermal spread measured by dynamic thermography was 
thus obtained by subtracting the width of the application instrument from the maximum 
distance between the 45 °C contours.  The maximum temperature detected in the bowel tissue 
surrounding the instrument during each fusion run and the execution time were recorded from 
the sequence of thermal images. 
 
Outcome measures 
The outcome measures are pathological features of lateral thermal damage and mean 
maximum temperatures in lateral thermal zones. Fusion quality (presence or absence of tissue 
fusion) was used as a control measure. 
 
Statistical analysis 
Statistical analyses were done using SPSS version 14.0 software.  To compare the results for 
the same voltage between the three different tissue types, Kruskal-Wallis test was used.  
Mann-Whitney test was used to compare results between different voltages for the same 
tissue type, and the outcome measures between two different tissue types.  A p-value less than 
0.05 was taken to be statistically significant. 
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RESULTS 
Emissivity of porcine small bowel 
The calculated emissivity values were 0.86, 0.87, 0.90 and 0.89.  Hence, the average value of 
0.88 was used as the emissivity of porcine small bowel when measuring temperatures using 
the thermal imaging camera. 
 
Energy delivered 
The mean energy delivered at 50 V for in vivo, fresh ex vivo and 2-hour ex vivo tissue were 
276.48±42.15 J, 265.10±21.51 J and 271.28±13.69 J respectively.  The mean energy delivered 
at 100 V for in vivo, fresh ex vivo and 2-hour ex vivo tissue were 310.07±61.58 J, 
312.22±31.49 J and 340.91±9.31 J respectively. 
 
Thermal spread 
The mean maximum thermal spreads measured by histology and thermal imaging are 
displayed in Table 1.  The width of the application instrument was 8.1 mm.   
 
Pathological assessment 
The features of lateral thermal spread include smudging of cell nuclei, feathery appearance of 
the mucosa, compaction of the muscularis externa and heat damage to blood vessels as seen in 
Figure 2.  The thermal spreads measured on histology were asymmetrical.  Table 2 shows the 
differences in measured thermal spreads on either side of the application device. 
The mean maximum thermal spread measured on histology was less than 1.2 mm for in vivo 
bowel, fresh ex vivo bowel and 2-hour ex vivo bowel.  Thermal spread measurements could 
not be taken from one sample in the in vivo group and one sample in the 2-hour ex vivo group 
when radiofrequency energy was delivered at 50 V due to the poor quality of fusion resulting 
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in the fused parts of the specimens splitting during histological processing.  There was no 
significant difference between thermal spreads for the three tissue types for radiofrequency 
energy delivered at 50 V (p = 0.98) and 100 V (p = 0.85).  Also, there were no significant 
differences for mean thermal spreads measured when energy was delivered at 50 V or 100 V 
for in vivo bowel (p = 0.93), fresh ex vivo bowel (p = 0.57) or 2-hour ex vivo bowel (p = 0.56).  
 
The fusion quality of the fused areas of porcine bowel was variable as seen in Table 1.  Figure 
3 shows the differences in fusion quality between a poorly fused and a well-fused piece of 
bowel.  Poorly fused bowel tended to show variation in the severity of thermal damage in the 
zone of fusion with some layers of the bowel wall (e.g. mucosa) showing little thermal 
damage compared to other layers (e.g. muscularis externa), whereas the thermal changes in 
well-fused bowel were more uniform throughout the different bowel wall layers.  Also, if the 
fusion quality was poor, splitting of the fused areas during histological processing was 
observed as seen in Figure 3C.  Of note, incomplete fusion of in vivo bowel was observed 
more often at 50 V (7 out of 10 specimens) than at 100 V (2 out of 9 specimens).  For well-
fused bowel, the mucosae and submucosae on either side of the bowel wall appeared to be 
fused into a single layer, with the muscularis externae appearing compacted in the fusion 
zone.  The cell nuclei in the fusion zone appeared smudged, having lost their characteristic 
outline. 
 
There were no significant differences in thermal spreads between poorly fused and well-fused 
bowel at 50 V for in vivo bowel (p = 0.89), fresh ex vivo bowel (p = 1.00) and 2-hour ex vivo 
bowel (p = 0.67), or at 100 V for in vivo bowel (p = 0.67), fresh ex vivo bowel (p = 0.52) and 
2-hour ex vivo bowel (p = 0.80). 
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Thermal imaging 
The mean of the sum of the total thermal spread was less than 3.9 mm for in vivo bowel, fresh 
ex vivo bowel and 2-hour ex vivo bowel.  There was no significant difference between thermal 
spreads for the three tissue types for radiofrequency energy delivered at 50 V (p = 0.34) and 
100 V (p = 0.19).  Also, there were no significant differences for mean thermal spreads 
measured when energy was delivered at 50 V or 100 V for in vivo bowel (p = 0.51), fresh ex 
vivo bowel (p = 0.83) or 2-hour ex vivo bowel (p = 0.22).  
 
The mean maximum temperatures detected in the areas of bowel adjacent to the fusion zones 
are shown in Table 1.  There were no significant differences between the maximum 
temperatures detected for the three tissue types for radiofrequency energy delivered at 50 V (p 
= 0.25) and 100 V (p = 0.14), or when energy was delivered at 50 V or 100 V for in vivo 
bowel (p = 0.09), or 2-hour ex vivo bowel (p = 0.47).  Nevertheless, the maximum 
temperature detected for fresh ex vivo bowel was significantly higher when energy was 
delivered at 100 V rather than at 50 V (p = 0.05). 
 
The times to reach maximum temperatures in the lateral thermal zones were not significantly 
different between the three tissue types for radiofrequency energy delivered at 50 V (p = 0.18) 
and 100 V (p = 0.10), or within each ex vivo bowel tissue group (fresh ex vivo bowel: p = 
0.83; 2-hour ex vivo bowel: p = 0.55).  However, for in vivo bowel, maximum temperatures 
were reached earlier when energy was delivered at 100 V compared to 50 V (p = 0.00). 
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Comparison of thermal spreads, maximum temperatures in lateral thermal zones and times to 
reach these temperatures between any two tissue types for either voltage did not reach 
statistical significance. 
 
There were also no significant differences between poorly fused and well-fused bowel in 
terms of thermal spreads, maximum temperatures in lateral thermal zones and times to reach 
these temperatures at 50 V or 100 V for in vivo bowel, fresh ex vivo bowel and 2-hour ex 
vivo bowel. 
 
Thermal spread was asymmetrical.  The mean differences in thermal spreads measured on 
either side of the application device by thermal imaging can be seen in Table 2. 
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DISCUSSION 
The study showed that lateral thermal spread was asymmetrical with the total maximum 
thermal changes on both sides being 3.9mm on dynamic thermography. Fusion quality for in 
vivo tissue was better when radiofrequency energy was delivered at 100 V rather than 50 V.  
This greater amount of radiofrequency energy at 100 V was not associated with increase in 
lateral thermal damage.  Thermal changes in well-fused bowel were more uniform throughout 
the different bowel wall layers whereas in poorly fused tissues, the mucosa did not show 
thermally-induced changes.  Also, there was no significant difference between thermal 
spreads for in vivo and ex vivo bowel.   
 
The radiation measured by an infrared camera is dependent not only on the temperature of the 
object, but also its emissivity.10  Hence, it is important to use the correct emissivity value of 
the target object to obtain accurate measures of temperature when using dynamic infrared 
thermography.  Although emissivity values are readily available for metals and other common 
materials, such information is often lacking for biological tissues.  However, it is easily 
calculated by heating the target object to above ambient temperature, and comparing the 
temperatures obtained with a thermocouple and the infrared camera.  Emissivity values of the 
same organs differ between different species.  Also, emissivity values differ if the tissue 
condition changes, such as burn wounds compared to intact skin although the reported 
differences have been small (0.1 to 0.2 °C).13 
 
Mean thermal spreads measured by histology represented the maximum distance from the 
edge of the instrument to areas of lateral thermal damage in the tissue on either side of the 
device.  However, the mean thermal spreads measured by thermal imaging represented the 
sum of the maximum thermal spread measured on both sides of the device and excluded the 
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width of the instrument which was 8.1mm at its widest part.  If the sum was less than 8.1 mm, 
it was taken that the maximum thermal spread measured by thermal imaging was zero.  Also, 
as the thermal spread on either side of the device was often asymmetrical, we did not follow 
Campbell et al’s method of obtaining average thermal spread by subtracting the electrode 
‘footprint’ diameter from the maximum distance measured between the 45 °C contours on the 
planar projection and dividing the total spread by two.8  Hence, we did not attempt to 
correlate the thermal spreads measured by histology with that seen on thermal imaging. 
 
Surprisingly, there was no significant difference in thermal spreads between perfused and 
non-perfused bowel measured either by histology or thermal imaging.  The similarities in 
thermal spread between different tissue types and different voltages indicate that the influence 
of the heat sink effect by the instrument overshadowed the effect of perfusion on thermal 
spread.  Heat conduction by air might also play a role in reducing thermal spread. However, 
there is no emissivity value for air which does not radiate infrared energy.  Hence, any 
changes in the temperature of the surrounding air cannot be quantified by dynamic infrared 
thermography which requires an object to radiate infrared energy to detect its temperature.  
 
Although the mean maximum temperatures detected in the areas of bowel outside the fusion 
zone were well above the critical temperature for cell damage, this was a narrow margin of 
lateral thermal damage in the histological assessment of the specimens as mean thermal 
spreads were all less than 1.5 mm.  Permanent tissue damage is caused not only by a high 
temperature, but also a sufficiently long duration of application of that temperature.8  Also, 
tissue shrinkage during histological processing might cause measured thermal spread 
distances to be less than actual distances.  
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The quality of fusion for in vivo tissue was better when radiofrequency energy was delivered 
at 100 V rather 50 V.  More energy delivered for the same period of time resulted in 
maximum temperatures being reached earlier in the fusion process.  However, it is reassuring 
to know that this does not result in greater thermal damage, as reflected in the thermal spread 
measurements by histology and thermal imaging, despite the higher amounts of energy used.  
Thermal spread measurements were similar in both well-fused and poorly fused bowel tissue, 
as were the maximum temperatures reached in the tissue.  Also, the results of bench bowel 
tissue whether fresh or two hours post-mortem are comparable to in vivo tissue.  Hence, bench 
porcine bowel is a good model for assessing thermal spread in radiofrequency tissue fusion. 
 
One limitation of our study is that we did not carry out thermal imaging of the bowel to assess 
cooling of the tissue post-fusion in our study.  Tissue subjected to greater amounts of 
radiofrequency energy might have cooled faster and therefore not did show more thermal 
spread. 
 
In conclusion, the use of dynamic infrared thermography in addition to histological 
assessment demonstrated total thermal changes at both sides of fused bowel being less than 
3.9mm.  This would reassure the surgeon of limited lateral thermal damage when using such a 
system.  The heat sink effect of the application instrument overshadowed the effect of 
perfusion on limiting thermal spread.  Also, the use of greater amounts of radiofrequency 
energy to achieve better quality fusion does not necessarily lead to more lateral thermal 
damage.   
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LEGENDS TO FIGURES 
Figure 1A-E. Thermal imaging sequence showing the delivery of radiofrequency energy to 
porcine bowel with the LigaSure Atlas instrument.  The times for each frame are 0.00, 0.87, 
1.63, 3.80 and 10.00 s.  The linear region of interest is marked by the white line in Figure 1A.  
F. Contour plot of the thermal data as marked by the linear region of interest in Figure 1A 
with the colour-coded temperature scale on the right. 
 
Figure 2A-D. High power microscopic images showing lateral thermal damage of bowel 
fused with radiofrequency energy.  A. Feathery appearance of mucosal crypts secondary to 
thermal damage.  B. Normal appearance of mucosa.  C. The nuclei in the muscularis externa 
appear smudged and have lost their distinct outline.  Also, this layer appears compacted 
compared to normal muscularis externa.  D. Normal muscularis externa. 
 
Figure 3A-C. Low power microscopic images of bowel fused with radiofrequency energy, 
H&E stain.  A. The mucosae and submucosae on either side of the bowel wall have fused to 
form a single layer.  The muscularis externae appear compressed in the fusion zone.  B. Part 
of the fusion zone has split.  C. The mucosae appear as two distinct layers in the fusion area 
although the muscularis externae are compressed (marked by arrows). 
 
Lim et al. Surg Endosc 24(10):2465-2474 Oct 2010 DOI 
 
21
ACKNOWLEDGEMENT 
 
We would like to thank Tyco Healthcare for funding this study.  Tyco Healthcare had no 
involvement: i) in the study design; ii) in the data collection, analysis or interpretation; iii) in 
the writing of the report or iv) the decision to submit the paper for publication. 
Lim et al. Surg Endosc 24(10):2465-2474 Oct 2010 DOI 
 
22
Table 1.  Mean (standard deviation) of endpoints for histology and dynamic thermography  
Tissue 
type 
Voltage 
(V) 
Number 
of 
specimens 
Number of 
specimens 
showing 
incomplete 
fusion 
Mean maximum 
thermal spread 
on either side of 
instrument on 
histology# (mm) 
Mean total 
maximum thermal 
spread on 
thermography^ 
(mm) 
Mean maximum 
temperature 
detected in area 
adjacent to fusion 
zone (°C) 
Time to reach 
maximum 
temperature 
(s) 
in vivo 50 10 7 1.06 (0.52) 2.72 (1.71) 75.60 (7.33) 5.60 (1.76) 
fresh ex 
vivo 50 8 2 1.02 (0.42) 2.17 (1.63) 69.95 (6.50) 3.88 (1.68) 
2-hour 
ex vivo 50 5 2 1.05 (0.22) 1.50 (1.30) 71.60 (8.33) 5.39 (2.35) 
in vivo 100 9 2 1.04 (0.39) 3.63 (3.00) 80.64 (11.34) 1.88 (2.98) 
fresh ex 
vivo 100 10 3 1.10 (0.23) 1.91 (1.48) 79.48 (10.67) 2.06 (2.47) 
2-hour 
ex vivo 100 5 1 1.11 (0.07) 3.89 (2.71) 68.28 (10.16) 4.73 (3.55) 
  
^This includes the maximum thermal spread measured on both sides of the device. 
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Table 2.  Mean (standard deviation) of differences in measured thermal spreads for histology and dynamic thermography. 
 
 
Tissue 
type 
 
Voltage 
(V) 
                       Histology                Dynamic thermography 
Number of 
specimens 
Mean difference in thermal spreads 
(mm) 
Number of 
specimens 
 
Mean difference in thermal spreads (mm) 
in vivo 50 9 0.86 (0.27) 10 3.17 (1.86) 
fresh ex 
vivo 
50 8 0.91 (0.36) 8 2.68 (1.25) 
2-hour ex 
vivo 
50 4 0.97 (0.48) 5 1.84 (0.57) 
in vivo 100 9 0.95 (0.49) 9 1.77 (1.6) 
fresh ex 
vivo 
100 10 0.83 (0.55) 10 2.39 (1.54) 
2-hour ex 
vivo 
100 5 0.68 (0.23) 5 2.46 (2.39) 
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Figure 1A-E. Thermal imaging sequence showing the delivery of radiofrequency 
energy to porcine bowel with the LigaSure Atlas instrument.  The times for each 
frame are 0.00, 0.87, 1.63, 3.80 and 10.00 s.  The linear region of interest is marked 
by the white line in Figure 1A.  F. Contour plot of the thermal data as marked by the 
linear region of interest in Figure 1A with the colour-coded temperature scale on the 
right. 
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Figure 2A-D. Microscopic images showing lateral thermal damage of bowel fused 
with radiofrequency energy.  A. Feathery appearance of mucosal crypts secondary to 
thermal damage.  B. Normal appearance of mucosa.  C. The nuclei in the muscularis 
externa appear smudged and have lost their distinct outline.  Also, this layer appears 
compacted compared to normal muscularis externa.  D. Normal muscularis externa. 
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Figure 3A-C. Low power microscopic images of bowel fused with radiofrequency 
energy, H&E stain.  A. The mucosae and submucosae on either side of the bowel wall 
have fused to form a single layer.  The muscularis externae appear compressed in the 
fusion zone.  B. Part of the fusion zone has split.  C. The mucosae appear as two 
distinct layers in the fusion area although the muscularis externae are compressed 
(marked by arrows). 
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